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DETECTION OF SALMONELLA ENTERITIDIS 



FIELD OF THE INVENTION 

This invention relates to a method for detecting 
Salmonella enteritidis in poultry and in their eggs. 
More specifically, the invention is directed to a 
method for detecting S. enteritidis which comprises 
contacting a biological sample obtained from poultry 
suspected of containing S. enteritidis with a fragment 
of the S. enteritidis fimbrial protein or a fragment of 
the S. enteritidis flagellin protein which specifically 
recognizes S. enteritidis antibodies present in the 
sample and discriminates between S. enteritidis and 
other Salmonella spp. 

BACKGROUND OF THE INVENTION 

Salmonella enteritidis, an agent which causes 
salmonellosis in poultry, can be transmitted vertically 
from laying hens to eggs. Consumption of eggs or meat 
contaminated with the organism can lead to food 
poisoning in humans. This is a worldwide problem in 
public health; in the U.S. alone, more than a million 
cases of salmonellosis are reported annually. 
Outbreaks in the elderly and in young children can be 
especially dangerous, resulting in severe 
gastroenteritis and possibly fatal septicemia. 
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Possible Salmonella virulence factors include 
fimbrial structures, which are gene products involved 
in the invasion of eukaryotic cells, and 
lipopolysaccharides. Another factor is the flagella, 
which confer motility to the bacterium and so 
contribute to the bacterium's colonization. 

In view of the large number of cases of Salmonella 
enteritidxs cases reported each year, there is an 
obvious need for a reliable method for detecting laying 
flocks infected with S. enteritidxs. Bacteriological 
techniques for the isolation of S. enteritidis, such as 
those disclosed by Williams, J.E,, and A.D. Whittemore, 
Avian Disease, 20:728 (1976), are laborious^ time- 
consuming and costly- False-negative results can arise 
when S. enteritidis is overgrown by other Salmonella 
serotypes present in the samples. In addition, these 
methods may not identify all birds infected with S. 
enteritidis because Salmonella excretion is 
intermittent . 

There are some existing serological methods, such 
as the serum plate test (SPT) , latex agglutination test 
(LAT) and enzyme linked immunosorbent assay (ELISA) , 
which are rapid and easy to perform, and antibodies 
against 5- enteritidis have been found at relatively 
high levels in the sera of infected chickens, making 
antibody detection practical. Most ELISAs utilize 
either lipopolysaccharides (LPS) or flagella antigens 
for the detection of antibody against S. enteritidis. 
The use of these antigens, however, has resulted in 
false positive results in recent reports, making 
discrimination between Salmonella serotypes difficult. 
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See Christopher, J., et al. J. Clin. Microbiol. 34:7 92- 
797 (1996); van Zijderveld, Fred, J. Clin. Microbiol. 
36:2560-2566 (1992); Barrow, P. A., Epidemiology and 
Infection 109:361-369(1992); and Barrow, P. A., Int. J. 
Food Microbiol. 21:55-68 (1994). Accordingly, further 
methods are sought. 

SUMMARY OF THE INVENTION 

This invention is directed to a method for 
detecting S. enteritidis which comprises contacting a 
biological sample obtained from poultry suspected of 
being infected with S. enteritidis with an antigenic 
fragment of an S. enteritidis fimbrial protein or an 
antigenic fragment of an S. enteritidis flagellin 
protein, which fragment specifically recognizes 
antibodies against S. enteritidis present in the sample 
and discriminates between antibodies against 
S. enteritidis and antibodies against other Salmonella 
spp, under conditions sufficient for the formation of 
an immunological complex between S. enteritidis 
antibodies present in the sample and the antigenic 
fragment and then detecting the formation of such a 
complex . 

Another embodiment of this invention comprises a 
method for detecting S. enteritidis which comprises 
contacting a biological sample obtained from poultry 
suspected of being infected with S. enteritidis with a 
combination of an antigenic fragment of an S. 
enteritidis fimbrial protein and an antigenic fragment 
of an S- enteritidis flagellin protein, each of which 
fragments specifically recognizes antibodies against S. 
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enteritidis present in the sample and discriminates 
between antibodies against S. enteritidis and 
antibodies against other Salmonella spp, under 
conditions sufficient for the formation of an 
immunological complex between 5. enteritidis antibodies 
present in the sample and either or both of the 
antigenic fragments and then detecting the formation of 
such a complex. 

This invention further is directed to a diagnostic 
kit, which comprises an antigenic fragment of the S. 
enteritidis fimbrial protein, an antigenic fragment of 
the S. enteritidis flagella protein, or both such 
fragments, wherein said fragment (s), when combined with 
a biological sample obtained from poultry suspected of 
being infected with S. enteritidis, specifically 
recognizes antibodies against S. enteritidis present in 
said sample and discriminates between antibodies 
against S. enteritidis and antibodies against other 
Salmonella spp. 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 sets forth the DNA sequence encoding the 
S. enteritidis fimbrial protein SEF14. 

Figure 2A sets forth the amino acid sequence of 
the S. enteritidis fimbrial protein SEF14 and Figure 2B 
sets forth the amino acid sequence of the fragment 
identified herein as C128- 

Figure 3 is a chart illustrating eight 
subfragments of fimbrial protein SEF14 that were tested 
for reactivity to S. enteritidis . 
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Figure 4 is a representation of the full-length S- 
enteritidis flagellin antigen and the fragments 
obtained from the full-length sequence as described in 
Example 2. 

Figure 5 sets forth the amino acid sequence of the 
full length S. enteritldis flagellin protein 
illustrated in Figure A, as well as the amino acid 
sequence encoded by the 270 bp fragment and the amino 
acid sequence of each of four subfragments which were 
isolated as described in Example 2. 

DETAILED DESCRIPTION OF THE INVENTION 

Determination of antigenic fragments 

A. Antigenic fragments of fimbrial antigen 

A fimbrial antigen designated SEF14 was first 
described in 1994 (Thorns, C.J., et al . , J. Clin: 
Microbiol. 28:2409-2414). The SEF14-encoding gene, 
designated sefA, was shown to be limited in 
distribution to serotypes belonging to Salmonella 
serogroup Expression of the SEF14 antigen as a 

surface structure has been detected only in S. 
enteritldisr S. dublin, S. blegdam and S. moscow, but 
S. enteritldis is the only serotype that can be 
isolated from poultry, and SEF14 fimbriae is expressed 
by all S. enteritldis strains. It is known that 
antibody against SEF14 is developed following 
infections with S. enteritldis. The entire sequence of 
the sefA gene is known and has been published in the 
literature (Thorns, C.J., et al., J. Ciin. Microbiol. 
4 (34 ): 792-797 (1996)) and in GenBank (accession number 
L03833) . The DNA sequence of the sei^A gene is provided 
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in Figure 1 and is identified herein as SEQ ID NO. !• 
The amino acid sequence for SEF14 is provided in Figure 
2A. This sequence is identified herein as SEQ ID NO. 
2. 

To determine which portions of SEF14 specifically 
recognize S. enteritidis, the sefA gene was amplified 
from genomic DNA with primers designated from Genbank 
sequence data. The resulting amplified fragment was 
cloned into an expression vector. The vector was 
chosen such that the sefA gene product would be 
expressed as a fusion protein. A preferred fusion 
partner is glutathione -S- transferase of Schistosoma 
japonica (GST) . 

The reactivity of the resultant recombinant GST- 
SEF14 fusion protein was tested with sera from chickens 
experimentally infected with S. enteritidis and other 
Salmonella serotypes in immunoblot. GST-SEF14 was 
recognized by all S. enteri tidis-inf ected sera, and 
weak reaction bands also were obtained with sera from 
infection of S. senftenberg r S. amsterdaitir S java, S. 
pullorum, S, typhimurlum, S. agona and S. oranlenberg . 

No reactions were found with S. baardt, S. montevideo, 
S- paratyphimurium, S. emek and pre-inf ection sera. 
From these data it appeared that the SEF14 fusion 
protein shares some common epitopes with other 
Salmonella serotypes which caused these cross- 
reactions . 

In order to locate a partial SEF14 fragment 
specific to S. enteritidis, eight sub-fragments of the 
165 amino acid SEF14, as shown in Figure 3, were 
expressed as fusion proteins with GST. The reactivity 
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of each fragment was tested by inununoblot assays. Of 
the three fragments containing the N-terminus of SEF14, 
only the full-length SEF14, named F165 (165 aa) , was 
recognized by all sera from S. enteritidis infections. 

The other two fragments, N150 (150 aa) and N136 (136 
aa) , were not recognized by some of the S. enteritidis 
sera, suggesting that the failure probably was due to 
the deletion of some dominant epitopes in the C- 
terminus between aa 151 and aa 165. 

Of the four fragments containing the C-terminus of 
SEF14, two fragments, C145 ( 145 aa; aa 121-165) and 
C128 (128 aa; aa 38-165), reacted with all S. 
enteritidis sera. The other two fragments, C95 (95 aa) 
and C88 (88 aa) , were not detected by some of the S. 
enteritidis sera, which suggested that the epitopes 
between aa 37 and aa 70 are associated' with antibody 
binding. The amino acid sequence of the C128 fragment 
is provided in Figure 2B and is identified herein as 

SEQ ID NO. 3. 

The hydrophilicity and antigenicity of the SEF14 
amino acid residues were analyzed by the Hydrophilicity 
Plot : Kyte-Doolittle and Antigenic Index : Jameson- 
Wolf computer based programs. These programs assist in 
the prediction of the characteristics of the protein 
from the knowledge of the sequence. The regions of 
amino acids 41-53, 144-153 and 159-165 are hydrophilic, 
and it is believed that they represent antigenic 
epitopes. The deletion of these regions from SEF14 
results in a polypeptide with decreased antigenicity. 
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The specificity of the SEF sub- fragment s also was 
tested with sera from chickens experimentally infected 
with various Salmonella serotypes. Sub-fragment C128 



other than S. enterltidls , Subfragment C145 reacted 
weakly with sera from infection of 5. senftenherg^ S. 
javar S. pullorum, S. amsterdam and S. paratyphlmurlum . 
The deletion of N-terminus aa 1-36 of F165 made 
subfragment C128 more specific than F165 or C145. When 
the F165 fragment was tested, cross-reactions could be 
observed, and slight cross-reactions also were observed 
when the C14 5 fragment was tested. In contrast, when 
C128 was tested, no cross reaction was seen. These 
results indicate that the region bounded by aa 1-36 
contains at least one epitope shared by different 
Salmonella serotypes - These studies are described in 
detail in Example 1, below. From the foregoing, 
therefore, a desirable fragment within the scope of 
this invention is one which consists essentially of an 
antigenic subfragment of the C145 fragment of SEF14 
which specifically recognizes S. enterltldis antibodies 
in a biological sample obtained from poultry and 
distinguishes between S. enterltldis and other 
Salmonella species. Such subfragments include the C128 
subfragment, which consists essentially of amino acids 
37-165 of the SEF14 amino acid sequence, and further 
subfragments thereof which specifically recognize S. 
enterltldis antibodies in a biological sample obtained 
from poultry and distinguish between S. enterltldis and 
other Salmonella species. Also included within the 
scope of this invention are polypeptides which 



did not react with sera from any SaimoneJia serotype 
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correspond to, or are identical to, one of these 
subfragments of the C145 fragment but include a 
conservative amino acid substitution for at least one 
amino acid in the sequence of the subfragment of the 
C145 fragment, provided that with said substitution (s) 
the sequence specifically recognizes S. e/ateritidis 
antibodies in a biological sample obtained from poultry 
and distinguishes between S. enteritidis and other 
Salmonella species. 

The specificity and sensitivity of subfragment 
C128 also was studied using ELISA with sera obtained 
from guinea pigs hyperimmunized with Salmonella spp. 
and Enterobactericae spp. and sera from chickens 
experimentally infected with Salmonella spp. With sera 
from guinea pigs, the OD value for S. enteritidis was 
at least 2 times as high as those of other sera with 
the exception of S. dublin, which had a similar OD 
value due to cross-reaction of SEF14 fimbriae by S. 
dublin. This cross-reactivity with S. dublin is not a 
problem in terms of being able to use C128 as a 
diagnostic for the identification of poultry infected 
with S. enteritidis because S. dublin does not infect, 
and so cannot be isolated from, chickens. With sera 
obtained from chickens, all sera from chickens infected 
with S. enteritidis showed an OD value at least two 
times higher than those obtained from sera from 
chickens infected with other SaljnoneIJa serotypes. 
These data indicate that the reactivity of C128 in 
ELISA was the same as the reactivity in iinmunoblot. 
The cut-off OD value for positive reaction was three 
times that of the average OD of normal sera. 



wo 00/78995 




PCT/SG99/00061 



The C128 subfragment of F165 thus is a useful tool 
for the detection of S, enteritidis in poultry. 
B. Antigenic fragment of flagellin antigen 

The amino acid sequence of the flagellin region of 
S. enteritidis (nucleotides 754-1024 of S. enteritidis 
strain designated 13076 and deposited with and 
available from the ATCC as accession number U12963) is 
shown in Figure 5, identified as SEQ ID NO: 4. A DNA 
fragment encoding the flagellin region was amplified 
and cloned into an expression vector. The vector was 
chosen such that the desired flagellin gene product 
would be expressed as a fusion protein. A preferred 
fusion partner is glutathione -S- transferase of 
Schistosoma japonlca (GST) . The resultant GST-f lagellin 
protein recombinant protein was expressed. The amino 
acid sequence of the 90 amino acid fragment of the 
flagellin protein is provided in Figure 5. The 
sequence is identified herein as SEQ ID NO: 5. 

This recombinant protein was recognized by 
Salmonella dublln as well as. by 5. enteritidis, but not 
by any of the other Salmonella spp. tested. 

To determine if a smaller sequence could be used 
to specifically identify S. enteritidis in poultry 
samples, the sequence of the flagellin portion of the 
recombinant protein was compared to the sequences of 
the flagellin domains of other Salmonella spp. and the 
specific regions within the protein that showed the 
most variation from the other sequences were 
identified. Four subfragments of the flagellin domain 
were expressed as fusion proteins ranging in size from 
27.2kD to 31.6 kD, and the reactivity of each fragment 
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was tested. Each fragment was shown to specifically 
detect and discriminate samples from poultry infected 
with S. enter itidis from uninfected samples. These 
four subfragments are shown in Figure 5 and identified 
herein as SEQ ID NOS: 6-9. 

The 90 amino acid fragment and each of the four 
subfragments illustrated in Figure 5 thus are useful in 
the method of the present invention. Also useful is an 

antigenic fragment of any of these sequences or an 
amino acid sequence which corresponds to one of these 
sequences which comprises a conservative amino acid 
substitution for at least one amino acid in the 
sequence, provided that with said substitution (s) the 
sequence specifically recognizes S. enteritidis 
antibodies in a biological sample obtained from poultry 
and distinguishes between S. enteritidis and other 
Salmonella species. 

Detection of S. enteritidis infections 

The antigenic fragments of S. enteritidis fimbrial 
and flagellin proteins can be used to detect S. 
enteritidis infections in samples obtained from 
poultry. Preferred samples are sera samples or yolk 
samples from poultry eggs. A sample is contacted with 
an antigenic fragment of S. enteritidis fimbrial or 
flagellin proteins in accordance with the present 
invention for a time and under conditions sufficient 
for the formation of an immunological complex between 
S. enteritidis antibodies present in the sample and the 
antigenic fragment. The formation of the resulting 
complex can be assayed either by direct detection 
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methods or indirect detection methods • Assays can be 
conducted in accordance with standard techniques. 
Depending upon the assay technique chosen, the 
antigenic fragment, S. enteritidis antibodies present 
in the sample, or secondary antibodies, if used, can be 
labeled with a detectable label. Suitable detectable 
labels can be chosen from fluorescent compounds, 
radioactive elements, enzymes capable of producing a 
reaction detectable compound, or gold. 

Using direct detection methods, the antigen- 
antibody complexes can be assayed, for example by 
ELISA, in accordance with standard techniques. The 
direct detection assays can use labeled antigenic 
fragment or labeled anti-S. enteritidis antibodies. 
Labeling of the antibody or antigenic fragment can be 
conducted using standard labeling techniques. The 
detectable label can be a fluorescent compound, a 
radioactive element, an enzyme capable of producing a 
detectable reaction product, or gold. The selected 
antigenic fragment of S. enteritidis fimbrial or 
flagellin proteins can be labeled, for example, with a 
radioactive isotope. The sample then is contacted with 
a radioactively labeled antigen fragment of S. 
enteritidis fimbrial or flagellin proteins in 
accordance with the present invention for a time and 
under conditions sufficient for the formation of an 
immunological complex between S. enteritidis antibodies 
present in the sample and the antigenic fragment, such 
that antibody-antigen complexes which form are labeled 
with the radioactive label. The formed complex then 
can be assayed by immunoblotting . Alternatively, S. 
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enteritidis antibodies present in the sample can be 
labeled with a directly detectable label, such as a 
fluorescent compound or gold, or can be conjugated to 
an enzyme commonly used for colorimetric or fluorescent 
detection, such as alkaline phosphatase. Unlabeled 
antigenic fragment of S. enteritidis fimbrial or 
flagellin proteins then can be coated onto the 
microtiter plates and contacted with the biological 
sample containing labeled S. enteritidis antibodies so 
that, again, antibody-antigen complexes which form are 
labeled with the detectable label. Detection of the 
formed antigen-antibody complexes that are labeled can 
be conducted, for example, by a standard ELISA assay or 
other sensitive detection system. 

Using indirect detection methods, the antigen- 
antibody complexes can be assayed, for example, by 
ELISA or immunoblotting in accordance with standard 
techniques. Antigenic fragments of S. enteritidis 
fimbriae or flagellin proteins can be coated onto 
microtiter plates which can provide a solid phase for 
capturing anti-S. enteritidis antibodies present in the 
sample. Alternatively, antigenic fragments can be 
provided in solution for immunoblotting. The fragment 
is contacted with the biological sample under 
conditions sufficient for the formation of an 
immunological complex between S. enteritidis antibodies 
present in the sample and the antigenic fragment. 
Antibody-antigen complexes that form then can be 
detected using secondary antisera conjugated to 
detectable labels, such as fluorescent-labeled 
antibodies, enzyme-conjugated antibodies, including 



wo 00/78995 



14 



PCT/SG99/00061 



horseradish peroxidase-con j ugated antibodies or 
alkaline phosphatase-con jugated antibodies, radioactive 
tracer-labeled antibodies or gold-labeled antibodies. 

In an alternative to these assay techniques, 
monoclonal antibodies to the antigenic fragments of S. 
enteritxdis of the present invention can be generated 
in accordance with standard techniques. The monoclonal 
antibodies then can be used to coat the wells of 
microtiter plates which then are contacted with a 
biological sample suspected of containing S. 
enteritxdis and antigens in the sample will bind to the 
monoclonal antibodies and can be detected using a 
detectable label as described above. 

A preferred assay for use in the present Invention 
is an ELISA as described above- A second preferred 
assay is a lateral flow format assay, which can easily 
be provided in the form of a rapid test kit. Such 
kits, which are commercially available for other 
purposes, allow the absorption of fluids via 
application to a pre-determined well containing a strip 
of antigen, or as in this case, an antigenic fragment, 
on a membrane and then inserting the well into a device 
which has a window above the antigen-coated membrane. 
The sample is added to the well such that it flows 
across the membrane, allowing any antibodies present in 
the sample to interact with the antigen in the 
membrane. A secondary antibody which is labeled with a 
detectable label, such as gold, also is incorporated 
into the membrane and, upon wetting of the membrane 
with the sample, is mobilized and binds to any primary " 
antibody present in the sample. Any positive result 
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obtained is observed by the appearance of a band on the 
membrane produced by the precipitation of the gold onto 
the membrane which is visualized through the window. 
The lateral flow format assay also can be modified by 
coating monoclonal antibodies generated against the 
desired antigenic fragment onto the membrane. 

Western blotting, dot blots and quartz crystal 
technology also can be utilized for the purpose of 
detection of the antigen or monoclonal antibody. 

Assays using the C128 fimbrial fragment and assays 
using one the flagellin fragments can be used 
independently for the detection of S. enteritidis 
infections in poultry and their eggs. It also can be 
useful to use the fimbriae and flagellin fragments in 
combination. Detectable antibodies against SEF14 
indicate an early stage infection, while antibodies to 
the flagellin proteins typically are detected later in 
the infection, as the antibody to flagella is generated 
later but has a longer existence. Thus, by testing a 
sample with antigenic fragments of each of the fimbriae 
protein and flagellin protein, one can detect the 
presence of an infection from its beginning stages to 
its mature stages and thus ensure that no infections go 
undetected. 

Diagnostic Kits 

The invention further comprises diagnostic kits 
which can be used to detect and discriminate S. 
enteritidis infections in samples from poultry. The 
kits comprise an antigenic fragment of the S. 
enteritidis fimbrial protein or flagellin domain, as 



wo 00/78995 




PCT/SG99/0D061 



16 




described above, or can comprise both an antigenic 
fragment of the S. enteritidis fimbriae protein and an 
antigenic fragment of the 5. enteritidis flagellin 
domain. The kit further can comprise a label. 
Suitable labels include labels which can be attached to 
the antigenic fragment or to antibodies present in the 
biological sample to be tested, such as an enzyme^ 
gold, fluorescent compound, or radioactive element. 
Alternatively, the label can be provided in the form of 
a labeled secondary antibody for use in an indirect 
detection method, such as enzyme-conjugated antibodies, 
including horseradish peroxidase conjugated antibodies 
or alkaline phosphatase labeled antibodies, gold- 
labeled antibodies, f luorescently-labeled antibodies, 
or radiotracer-labeled antibodies. 

In one preferred embodiment, the kit comprises the 
essential elements for a lateral flow format assay as 
described above. 

The invention is further described in the 
following examples, which are provided for illustrative 



Bacterial strains 

S. enteritidis strains 2/93 phage type 4, 119/95 
phage type A, 330/96 phage type 11a and 131/97 phage 
type 37, 40/97 phage type 1, and 296/96 phage type 9b 
were provided by the Primary Production Department, 



purposes and are not intended to be construed as 
limiting. 



Example 1 
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Singapore, and isolate 94/6510 was provided by the U.S. 
Department of Agriculture. All of these strains are 
publicly' available. These strains were used for the 
experimental infection of chicken. 

Serum samples 

Sera Group 1 

Guinea pigs were inoculated with different strains 
of bacterium to obtain serum specific to the following: 
S. enteritldis (group D) , S. dublin (group C) , S. 
kentucky (group C3) , S. heidelberg (group B) , S. 
newport (group C3) , S. typhimurium Copenhagen (group 
B), S. cholersasius, S. anatum (group El), S. cerro 
(group K) , Escherichia coli, Aeromonas hydrophilusr 
Pasteurella multocida, Klebsiella pneumonia, Proteus 
mirabiliSr Yersinia enterococci, Citrofreundii , 
shigella sonnei, Serratia marscens and uninfected 
guinea pig serum. 

Sera group 2 

Chickens were infected with various serotypes of 
Salmonella obtained from the Singapore General 
Hospital: S. dublin (group D) , S. typhimurium (group 
B), S. anatum (group El), S. pullorum (group D) , S. 
java (group B) , S. paratyphi A (group A), S. 
haardt (group C3) , S. hadar (group C2) , and E. coli. 

Sera group 3 

The six S. enteritidis strains listed above were 
prepared as an overnight broth which was diluted to 1 x 
10® colony forming units (cfu) . This broth in turn was 
diluted further, resulting in lo'' and 10* concentrations 
of the six cultures. Twelve ten-week old chickens were 
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divided into six groups of two^ and one chicken in each 
group was inoculated with 1 ml of the 10^ bacterial 
broth and the second in each group inoculated with 1 ml 
of the 10^ bacterial broth. Sera from each chicken was 
obtained at seven day intervals and the flock was 
monitored for Salmonella shedding from pre-inoculation 
to two weeks post-inoculation. 
Sera group 4 

Forty samples of S. enterltidis negative sera were 
obtained from specific pathogen-free chickens ranging 
in age from 1 day old chicks to ten week old chickens. 

Specifically, the forty samples comprised sera 
obtained from ten one day-old chicks, fourteen four 
week old chicks, and sixteen ten week old chicks. 

Sera group 5 

Twenty five serum samples were collected from 
chickens in the field by the Primary Production 
Department (PPD), Singapore. These samples were 
collected from farm chickens in Malaysia in which S. 
enteritidis infections had been identified. 

Recombinant 5. entGritidls antigen 

The nucleotide sequence of the sefA gene is 
available through Genbank (accession number L03833) . 
Oligonucleotide primers for the C128 fragment of the 
fimbrial SEF14 antigen were designed and synthesized as 
follows. Primers were designed with a Bam HI 
restriction site in the 5' end for the forward primer 
and an EcoRl restriction site at the 3' end for the 
reverse primer. 

forward primer: 
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5' TGC AGC TCA GAA TAC AAC ATC A 3* (starting from 

base 112) 

reverse primer: 

5' GTT TTG ATA CTG CTG AAC GTA (end at base 4 95) 
The forward and reverse primers are identified herein 
as SEQ ID NOS: 10 and 11, respectively- 

The Beckman OLIGO lOOOM DNA synthesizer was used 
in the synthesis. Using genomic DNA extracted from S. 
enteritidis strain 13076 ATCC, DNA fragments were 
amplified by PGR. The amplified DNA was cloned into 
pGEX-4T-3 expression vector (available from Pharmacia 
Biotech, Uppsala, Sweden) . Clones containing inserts 
were sequenced to ensure the correctness of the reading 
frame. Proteins fused to GST were expressed in E. coli 
strain JM105, obtained from Amersham Pharmacia Biotech, 
Uppsala, Sweden; catalog no. 27-1550-01. For the 
purification of the fusion protein, the bacterial cell 
pellet was subjected to GST affinity column 
purification (Pharmacia Biotech) , following the 
instructions provided by the manufacturer. To attain 
higher purity, the protein was loaded onto SOS-PAGE gel 
and the protein band visualized by a 1 minute stain 
with Coomassie brilliant blue and de-stained in di- 
ionized water. The band was excised and eluted in de- 
ionized water. The protein obtained through such gel 
purification was used as antigen in an ELISA test. 

Immunoblot 

Western blot analysis was carried out according to 
conventional format with some modifications. Purified 
fusion protein was mixed with sample buffer containing 
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0.1 mol/L DTT in final concentration. The mixture was 
denatured at 100**C for 3 minutes and separated by SDS- 
PAGE. The separated protein on gel was transferred to 
a nitrocellulose membrane by overnight electrophoresis 
under 20 volts. The membrane was blocked with 5% skim 
milk and stripped. 

Serum samples were diluted at 1:400, added to each 
of the strips individually, and incubated at room 
temperature for 1 hour, followed by the incubation of 
rabbit anti-chicken IgG peroxidase conjugate for one 
hour and then by color development in 3'3'- 
diaminobenzidine tetrahydrochloride (DAB) substrate. 
All fimbrial fragments were found to be positive in 
reactivity. 

ELISA 

An ELISA was preformed using a conventional 
format. Purified protein was coated on 96-well flat 
bottom plates (NUNC) in carbonate buffer, pH 9.6 at 50 
ng/100 Hi per well. After blocking with 1% BSA, serum 
samples, diluted 1:200, were added and incubated at 37^C 
for 15 minutes, followed by incubation of secondary IgG 
peroxidase conjugate at 37«C for 15 minutes and finally 
by addition of substrate OPD. Results were expressed 
as the optical density (OD) at 4 92 nm by ELISA reader 
(Bio-dot) . 

The C128 antigen fragment was mapped to be 
specific and sensitive to S. enteritidis infection, 
the cutoff value for a positive reaction was 3 times 
the OD value of that of uninfected chicken sera. The 
fragment was tested against Group 2, where only S. 
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enteritidis was shown to be positive. Group 3, where 
all sera were shown to be positive in reactivity, and 
Group 4, where all sera were shown to be negative. 



Example 2 

The bacterial strains and the sera groups used were the 
same as in Example 1, with the exception that the 
chickens in Sera Group 2 were infected with fewer 
serotypes of Salmonella, as described below, than 
described in Example 1. 

Recombinant S. enteritidi s antigen 

Nucleotides 754-1024 bp of the S. enteritidis DNA 
13076 ATCC strain encoding the flagellar region were 
amplified through polymerase chain reaction (PGR) 
techniques. The amplified DNA was cloned into pGEX-2T 
expression vector (publicly available from Pharmacia 
Biotech, Uppsala, Sweden) . For the purification of the 
GST-flagellin protein, the bacterial cell pellet was 
subjected to GST affinity column purification 
(Pharmacia Biotech) in accordance with the 
manufacturer's directions. Most of the GST-flagellin 
protein was recovered at this step. To attain higher 
purity, the protein was loaded onto a polyacrylamide 
gel. The band was excised and eluted in de-ionized 
water containing 0.1% SDS. 



ELISA procedure 
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Immulon microtiter plates (available from Dynatech 
Laboratories Inc. Chantillyr Va.) were coated with 50 
ng/100 microliters/well recombinant protein in O.IM 
sodium bicarbonate buffer (ph 9.6). The plates were 
incubated at 37®C for 4 hours and then refrigerated 
until further use. The plates were washed 4 times with 
ELISA washing solution (phosphate buffered saline, 
0.05% Tween 20[PBST]) and excess binding sites were 
saturated with 1% bovine serum albumin (BSA) fraction V 
(Sigma) in phosphate buffered saline (pH 7.4) for 1 
hour at 37®C. After four washings, 100 microliters of 
the test serum sample (1:200 dilution) in 1% BSA-PBS 
buffer were added to each well, and the plates were 
incubated for 10 minutes at 37**C. Following subsequent 
washing of the wells, 100 microliters of anti-chicken 
immunoglobulins conjugated with horseradish peroxidase 
(KPL) were added to each well and the plates were 
incubated at 37®C for 10 minutes. The wells were washed 
again and 100 microliters of the substrate solution 
(2 ' 2 ' -azino-bis (3-ethylbenzthia2oline-6-sulf onic acid 
(ABTS) with H2O2) were added. The color reaction was 
allowed to proceed at room temperature for 10 minutes, 
and the absorbance of each well at 405 nm (ABTS) 
respectively was recorded in an automatic ELISA plate 
reader . 

Mapping of the S. enteritidis partial protein 

In order to assess if the obtained partial 
protein, shown in Figure 5 as SEQ. ID NO: 5, was the 
smallest fragment usable for the purpose of detecting 
the presence of S. entBritidls in poultry or their 
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eggs, primers were designed to amplify specific regions 
within the partial fragment which showed the greatest 
sequence variation between S. enteritidis and other 
flagellin domains of Salmonella serotypes identified in 
Asten et al., J. Bacteriology 177(6):1610 (1995). 
Primers (s^t forth in the table below) and the 
resulting fragments were cloned using the same method 
set forth above in vector pGEX-2T. The four resulting 
partial protein fragments were designated FLP-A, FLP-B, 
FLP-C and FLP-D. These partial protein fragments also 
were purified by affinity chromatography and gel 
excision. These partial protein fragments were 
quantified and subsequently coated as 50 ng per well. 
Characterization of these partial protein fragments was 
conducted with the use of chicken sera in ELISA. Serum 
obtained from uninfected chickens yielded negative 
results, while serum obtained from chicken infected 
with S. enteritidis yielded positive results. 



Table 1 Nucleotide sequences of primers us 



Fragments 


Primers Used 


Nucleotides 
amplified 


A: Forward 
A: Reverse 


5 • AAGGATCCAAAGGTGGTAAGGAAGGA5 ' 
5 ' CCGAATTCTTTGTCACCGTTCACTAC3 ' 


775bp to 982bp' 


B: Forward 
B: Reverse 


5 • AAGGATCCAAAACTGGTGATGACGGT3 ' 
5 • CCGAATTCGCTTGATTGTAAGGTAGC3 ' 


828bp TO 94 8bp 


C: Forward 
C: Reverse 


5 • AAGGATCCGACGGTAATGGTAAGGTT3 ' 
5 • CCGAATTCCGTCGCGCCAGTGGCAAT3 ' 


838bp to 919 bp 
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D: Forward 


5 • AAGGATCCTCTACTACCATCAATGGT3 * 


856bp to 889 bp 


E: Reverse 


5 • CCGAATTCTAACGTAACTTTTTCACC3 ' 





The primers listed above are identified herein as SEQ 
ID NOS: 12-19, respectively. 
Data analysis 

The average reading was calculated for the 
negative sera used in these assays and the standard 
deviation calculated, A range of standard deviations 
were calculated, where the average of the negative sera 
was added to one, two, three, four or five standard 
deviations. It was found that the average of the 
negative reference sera plus two of their standard 
deviations was sufficient in value to include all 
negatives and all the known positive sera values 
obtained were above that value. The cut off value 
(detection limit) of the ELISA was defined as the mean 
value of the negative reference sera plus two times 
their standard deviation, which is able to discriminate 
the positive sera and also field infected sera. 

The positive/negative ratio also was calculated 
arid these figures serve as a relative indicator 
strength of the reaction over the negative reference 
values . 

Differences in the sets of data collected were 
statistically analyzed by the t-test (Sigma Plot 
program) . The value obtained indicates whether the 
differences seen in two sets are significantly 
different. P values of less than 0.01 are considered 
to be statistically different. 



WO00/7899S ^ _PCT/SG99/00061 

25 



Characterization and specific ity of the S. enteritidis 
flaqellin fusion protein 

Gel purified GST-S. enteritidis antigen was 
immunologically characterized by Western Blot. The 
fusion protein was tested with sera raised from guinea 
pigs from Group 1 sera. Of the ten Salmonella 
serotypes tested, only S. enteritidis and S. dublin of 
the same serogroup displayed reactivity. The sera 
raised from other serotypes and other organisms in 
Group 1 showed no reactivity. All sera were screened 
at a dilution of 1:50. The fusion protein then was 
screened against experimentally infected and non- 
infected sera obtained from chickens. Group 3 sera all 
reacted positively and Group 4 sera showed no reaction. 

Development of ELISA for S. enteritidis using GST-S. 
enteritidis fusion protein 

Gel purified GST-S. enteritidis flagellin antigen 
fragment fusion protein was diluted in ELISA coating 
buffer and used as coating antigen on microtiter plates 
at 50 ng per well overnight. The coated antigen was 
characterized by the guinea pig sera from Group 1. 
Subsequent characterization was carried out using 
chicken sera. Sera from S. enteritidis- infected 
chickens had the highest absorbance value, which was 
calculated to have a positive/negative ratio of 4.59 
times greater than the average of the negative 
references . 
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Non~infected chicken sera from Group 3 (sera 
obtained as pre-bleeds from the chickens prior to 
infection) then were tested against the coated antigen. 

All yielded almost basal readings. Infected flock 
sera from Group 3 which were of 5 different phage types 
yielded 100% positive results. Thus, this test is able 
to detect S. enteritidis of different phage types. 

Sera from Group 2, obtained from the flock 
experimentally infected with 5. haardt^ 5. typhimurlunir 
S. hadar^ S. typhi and S. java, gave negative results 
with the test antigen. These data confirm that there 
are no cross-reactions with other Salmonella serotypes. 

Comparison with commercially available IDEXX Salmonella 
enteritidis test kit 

Group 5 sera were evaluated using both the IDEXX 
commercial test kit (IDEXX Laboratories Inc., 
Westbrook, ME) and the antigen of the present 
invention. Using the IDEXX kit, 3/28 sera were 
detected; using, the antigen of the present invention, 
14/28 samples were identified as serologically 
positive. The antigen of the present invention thus 
showed a detection rate which was 78.6% greater than 
obtained using the commercially available test kit. 

ELISA results: mapped fragments 

The S. enteritidis fusion protein was further 
mapped to assess the smallest region which could still 
detect and discriminate infected from non-infected 
sera. A total of four fragments, shown, in Figure 5 as 
fragments A-D and having molecular weights (inclusive 
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of GST) 31.6kD, 30.4 kD, 29 kD, and 27.2 kD, were 
cloned and screened with the selected positive and 
negative sera. Eight serum samples from chicken 
experimentally infected with S. enteritidis and eight 
samples of SPF (specific pathogen free) sera were used 
to qualify each fragment for its sensitivity. 
Positive/negative (P/N) ratios for the fragments were 
determined. The average P/N ratio for each of the 
fragments was as follows : 

fragment A: 3.23 

fragment B: 2.95 

fragment C: 3.02 

fragment D: 2.97 

These figures reflect a similar reactivity pattern 
to that of the original fusion antigen, which has a P/N 

ratio of 3.01. 

The fragments were tested for specificity with 
other Saljno/ielia serotypes present in the samples of 
serum in Group 2. None of the fragments reacted with 
any of the serotypes other than S. enteritidis. The 
results are shown in Table 2 below: 

Table 2 

Fragment Reactivity with Serotype Specific Serum 



Fragments/ 






B 






Serum 


270 


A 


C 


D 


S. enteritidis 


+ 


+ 


+ 


+ 


+ 


S.dublin 












S. typhimurium 
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S.anatum 


— 


— 


- 


- 


- 


S.pvllorum 


— 


— 


- 


- 


- 


S,java 


— 




— 


— 


— 


S. para typhi 












S.haardt 












S.hadar 












£. coll 
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Claims : 



1. A method for detecting Salmonella enteritidis 
in a biological sample obtained from poultry which 
comprises 

contacting said biological sample with an 
antigenic fragment of S. enteritidis fimbrial protein 
or an antigenic fragment of S. enteritidis flagellin 
protein under conditions sufficient for the formation 
of an immunological complex between S, enteritidis 
antibodies present in said sample and said fragment, 
and 

detecting the formation of such a complex; 
wherein said fragment specifically recognizes S. 
enteritidis antibodies present in the sample and 
discriminates between S. enteritidis and other 
Salmonella spp. 

2. The method of claim 1, wherein said sample 
comprises sera or egg yolk. 

3. The method of claim 1, wherein said sample is 
contacted with a fragment of S. enteritidis fimbrial 
protein. 



4. The method of claim 3, wherein said fragment 
is provided as a fusion polypeptide wherein an 
additional polypeptide is fused to said fragment. 
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5. The method of claim 3, wherein said fragment 
consists essentially of a subfragment of amino acids 
21-165 of SEQ ID NO: 2, an antigenic portion thereof, or 
a sequence which corresponds to a subfragment of amino 
acids 21-165 of SEQ ID NO: 2 comprising a conservative 
amino acid substitution for at least one amino acid in 
said sequence. 

6. The method of claim 3, wherein said fragment 
consists essentially of amino acids 38-165 of SEQ ID 
NO: 2, or an antigenic portion thereof, or a sequence 
which corresponds to said amino acids 38-165 of SEQ ID 
NO: 2 and comprises a conservative amino acid 
substitution for at least one amino acid in said 
sequence. 

7. The method of claim 1^ wherein said sample is 
contacted with a fragment of S. Bnteritidis flagellin 
protein . 

8- The method of claim 1, wherein said fragment 
is provided as a fusion polypeptide wherein an 
additional polypeptide is fused to said fragment. 

9. The method of claim 7, wherein said fragment 
consists essentially of the amino acid sequence of SEQ 
ID N0:5r an antigenic fragment thereof, or a sequence 
which corresponds to said sequence and comprises a 
conservative amino acid substitution for at least one 



amino acid in said sequence. 
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10. the method of claim 1, wherein said fragment 
consists essentially of the amino acid sequence of SEQ 
ID NO: 6, an antigenic fragment thereof or a sequence 
which corresponds to said sequence which comprises a 
conservative amino acid substitution for at least one 
amino acid in said sequence. 

11. The method of claim 7, wherein said fragment 
consists essentially of the amino acid sequence of SEQ 
ID NO: 7, an antigenic fragment thereof or a sequence 
which corresponds to said sequence which comprises a 
conservative amino acid substitution for at least one 
amino acid in said sequence. 

12. The method of claim 7, wherein said fragment 
consists essentially of the amino acid sequence of SEQ 
ID NO: 8, an antigenic fragment thereof or a sequence 
which corresponds to said sequence which comprises a 
conservative amino acid substitution for at least one 
amino acid in said sequence - 

13. The method of claim 1, wherein said fragment 
consists essentially of the amino acid sequence of SEQ 
ID NO: 9, an antigenic fragment thereof or a sequence 
which corresponds to said sequence which comprises a 
conservative amino acid substitution for at least one 
amino acid in said sequence. 

14. The method of claim 1, wherein said fragment 
is labeled with a detectable label. 
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15. The method of claim 14, wherein said label 
comprises a fluorescent compound, a radioactive 
element, an enzyme capable of producing a reaction 
detectable compound or gold. 

16- The method of claim 1, wherein said sample 
has been contacted with a detectable label which binds 
to anti-S, enteritidis antibodies present in said 
sample . 

17. The method of claim 16, wherein said label 
comprises a fluorescent compound, a radioactive 
element, an enzyme capable of producing a reaction 
detectable compound or gold. 

18. An isolated fragment of S. enteritidis 
fimbrial protein consisting of the amino acid sequence 
of SEQ ID NO: 3, an antigenic fragment thereof, or a 
sequence which corresponds to said sequence which 
comprises a conservative amino acid substitution for at 
least one amino acid in said sequence. 

19. An isolated fragment of S. enteritidis 
flagellin protein consisting of the amino acid sequence 
of SEQ ID NO: 6, an antigenic fragment thereof, or a 
sequence which corresponds to said sequence which 
comprises a conservative amino acid substitution for at 
least one amino acid in said sequence. 

20. An isolated fragment of S. enteritidis 
flagellin protein consisting of the amino acid sequence 
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of SEQ ID NO: 7, an antigenic fragment thereof or a 
sequence which corresponds to said sequence which 
comprises a conservative amino acid substitution for at 
least one amino acid in said sequence. 

21. An isolated fragment of S. enteritxdis 
flagellin protein consisting of the amino acid sequence 

of SEQ ID NO: 8, an antigenic fragment thereof, or a 
sequence which corresponds to said sequence and 
comprises a conservative amino acid substitution for at 
least one amino acid in said sequence. 

22. An isolated fragment of S. enteritidis 
flagellin protein consisting of the amino acid sequence 
of SEQ ID NO: 9, an antigenic fragment thereof or a 
sequence which corresponds to said sequence and 
comprises a conservative amino acid substitution for at 
least one amino acid in said sequence. 

23. A kit comprising (a) a fragment of S. 
enteritidis fimbrial or flagellin protein which 
specifically recognizes S. enteritidis antibodies 
present in a biological sample obtained from poultry 
suspected of being infected with S. enteritidis and 
discriminates between antibodies from S. enteritidis 
and other SalinoneiJa spp. and (b) a detectable label. 

24. A kit comprising a fragment of S. enteritidis 
fimbrial protein and a fragment of S. enteritidis 
flagellin protein, each of which fragments specifically 
recognizes S. enteritidis antibodies present in a 
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biological sample obtained from poultry suspected of 
being infected with S. enterxtidxs and discriminates 
between antibodies from S. enteritidis and other 
Salmonella spp. . 

25. A kit in accordance with claim 24, which 
further comprises a detectable label. 

26. A method for detecting Salmonella enteritidis 
in a biological sample obtained from poultry which 
comprises 

contacting said biological sample with an 
antigenic fragment of S. enteritidis fimbrial protein 
and an antigenic fragment of S. enteritidis flagellin 
protein under conditions sufficient for the formation 
of an immunological complex between S. enteritidis 
antibodies present in said sample and either or both of 
said fragments, and 

detecting the formation of such a complex or 
complexes ; 

wherein each of said fragments specifically recognizes 
S- enteritidis antibodies present in the sample and 
discriminates between 5. enteritidis and other 
Saiinoneiia spp. 

27. A method for detecting Salmonella enteritidis 
in a biological sample obtained from poultry which 
comprises 

contacting a first portion of said biological 
sample with an antigenic fragment of S. enteritidis 
fimbrial protein under conditions sufficient for the 
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formation of an immunological complex between S. 
enteritidis antibodies present in said sample and said 
fragment; and 

detecting the formation of such a complex; 
wherein said fragment specifically recognizes S. 
enteritidis antibodies present in the sample and 
discriminates between S. enteritidis and other 
Salmonella spp.; and 

contacting a second portion of said biological 
sample with an antigenic fragment of S. enteritidis 
flagella protein under conditions sufficient for the 
formation of an immunological complex between S. 
enteritidis antibodies present in said sample and said 

fragment, and 

detecting the formation of such a complex; 
wherein said fragment specifically recognizes S. 
enteritidis antibodies present in the sample and 
discriminates between S. enteritidis and other 
SaiinoJiella spp. 

28. The method of claim 26 or 27, wherein said 
sample comprises sera or egg yolk. 

29. The method of claim 26 or 27, wherein each of 
said fragments is provided as a fusion polypeptide 
wherein an additional polypeptide is fused to said 
fragment. 

30- The method of claim 26 or 27, wherein said 
fragment of S . enteritidis fimbrial protein consists 
essentially of a subfragment of aa 121-165 of the amino 
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acid sequence of SEQ ID NO: 2, an antigenic fragment 
thereof, or a sequence which corresponds to said 
sequence and comprises a conservative amino acid 
substitution for at least one amino acid in said 
sequence. 

31. The method of claim 26 or 21, wherein said 
fragment of 5. enteritidls fimbrial protein consists 
essentially of the amino acid sequence of SEQ ID No: 3, 
an antigenic fragment thereof^ or a sequence which 
corresponds to said sequence and comprises a 
conservative amino acid substitution for at least one 
amino acid in said sequence. 

32. The method of claim 26 or 21, wherein said 
fragment of S. enteritidis flagella protein consists 
essentially of the amino acid sequence of SEQ ID NO: 5^ 
an antigenic fragment thereof or a sequence which 
corresponds to said sequence and comprises a 
conservative amino acid substitution for at least one 
amino acid in said sequence. 

33. The method of claim 26 or 21, wherein each of 
said fragments is labeled with a detectable label. 

34. The method of claim 26 or 27, wherein said 
label co'mprises a fluorescent compound, a radioactive 
element, an enzyme capable of producing a reaction 
detectable compound or gold. 
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736bp lOOSbp ,4gobp 

J \ 1 



270bp 

a^^^^MH^HM^H Partial Fiagella protein 



207bp 

m^^^mmm FLP-A 



FLP.B 
33bp FLP-D 



JCIlBec'd PCT/PTO 2 6 DEC 2001 



wo 00/78995 ^ik PCT/SG99/00061 



JC13R9c'dPCT/PT0 2 6 DEC 2001 



Nucleotide sequence of seJA 

ArrrrGTAATATGCGTAAATCAGCATCTGCAGTAGCAGTTCTTGCTTrAATTGCAT 

GTGGCAGTGCCCACGCAGCTGGCTTTGTTGGTAACAAAGCAGAGGTTCAGGCAGC 

GGTTACrATTGCAGCTCAGAATACAACATCAGCCAACTGGAGTCAGGATCCTGGC 

TTTACAGGGCCrGCTGTTGCTGCTGGTCAGAAAGTTGGTACrCTCAGCATTACTG 

CTACTGGTCCACATAACTCAGTATCTATTGCAGGTAAAGGGGCTTCGGTATCTGG 

TGGTGTAGCCACTGTCCCGTTCGTTGATGGACAAGGACAGCCTGTTTTCCGTGGG 

CGTATTCAGGGAGCCAATATTAATGACCAAGCAAATACTGGAATTGACGGGCTTG 

CAGGTTGGCGAGTTGCCAGCrCrCAAGAAACGCrAAATGTCCCTGTCACAACCrr 

TGGTAAATCGACCCTGCCAGCAGGTACrrrCACTGCGACCTTCTACGTTCAGCAG 

TATCAAAAC 



(SEQroNO:!) 
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Amino acid sequence for SEF14: 
1 

MIUCSASAVAVI^LIACGSAHAAGFVGNKAEVQAAVTIAAQNTTSANW 
SQDPGFTGPAVAAGQKVGTLSITATGPHNSVSIAGKGASVSGGVATVP 
FVDGQGQPWRGRIQGANINDQANTGIDGLAGWRVASSQETLNVPVT 
TFGKSTLPAGTFTATFYVQQYQN 

165 



Amino acid sequence for the C128 fragment of SEF14 : 
AAQNTTSANWSQDPGFTGPAVAAGQKVGTLSITATGPHNSVSIAGKGA 
SVSGGVATVPFVDGQGQPVFRGRIQGANINDQANTGIDGLAGWRVASS 
QETLNVPVTTFGKSTLPAGTFTATFYVQQYQN 

(SEQ ID NO:3) 



riir»r"TT-rfti-r' r-iir-rnr /mitr- \ 
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Amino Acid Sequence of S.enteritidis Flagellin Antigen 
LTQNNLNKSQSSLSSAIERLSSGLRINSAKDDAAGQAIANRFTS 

NIKGLTQASRNANIXjISIAQTreGALNEIhnWLQRVREl^VQATOGTNSDSDLKSI^^ 

EIQQRLmDRVSNQTQFNGVKVl^QDNQMKIQVGANDGETrrroUJKTOVKSLGUX; 

RWNGPKEATVGDLKSSFKNVTGYDTYAAGADKYRVDINSGAVV^ 

NGQLTTDDAE>nrrAVDLFKTTKSTAGTAEAKAmGAIKGGKEGDTFDYK 

TGDDGNGKVSTTINGEKVTLTVADIATGATDVNAATLQSSKWT^^ 

KNESAKLSDLEA>n^AVKGESKITVNGAEYTANATGDiCITLAGKTTw^ 

NEDAAAAKKSTANPlj\SIDSALSKVDAVRSSU3AIQ>naTDSAITN^ 

RIEDADYATEVSNMSKAQILQQAGTSVLAQANQVPQNVLSLLR 

(SEQIDNO:4) 

90 amino acid fragment of iS*. enteritidis flagellin antigen 

TAEAKAmGAIKGGKEGDTFDYKGVTFTmTKTGDDGNGKVSTTmGEKVTLTVADI^ 
TGATDVNAATLQSSKKVYTSVVNGQFra 
(SEQ XD KO:5) 

fragment A: 69 amino acids (aa 258-327 of SEQ ID NO:4) 

KEGDTFDYKGVTFTIDTKTGDIXjNGKVSTTINGEKVTLT^ 

VYTSWNGQ 

(SEQIDN0:6) 

fragment B: 40 amino acids (aa 276-316 of SEQ ID N0:4) 
ICTGDDGNGKVSTTINGEKVTLTVADIATGATDVNAATLQS 
(S£Q XD KO:7) 

fragmenl: C: 27 amino acxds (aa 279-306 of SEQ XD NO: 4) 

DGNGKVSTTINGEicVTLTVADlATGAT 

(SEQ m NO:8) 

fragment D: 1 1 amino acids (aa 285-296 of SEQ ID NO:4) 

STTINGEKVTL 

(SEQ ID NO:9) 
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